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FOREWORD

This project was performed under the National Shipbuilding Research
Program The project as part of the program was a cost-shared effort between
the Maritime Adninistration and Avondale Shipyards. The overall objective of
the program is inproved productivity and reduced shipbuilding costs.

The program was concei ved and defined by the Society of Naval Architects
and Marine Engineers (SNAME), Ship Production Conmittee Panel 023-1 with M. J.
W Peart as Chairman and Program Manager, Avondal e Shi pyards.

The effort was contracted to Bethlehem Steel, Sparrows Point Shipyard. M.
Dan Romanchuk, General Superintendent of Operations, served as Program Manager.
The devel opment and fabrication of the reclaimer was acconmplished by M. H M
Hendrick, |1, Apache Abrasives, Inc. of Houston, Texas. The system was erected,
operated and eval uated by Bethlehem Steel, Sparrows Point Shipyard.

Appreciation is expressed to M. Quy R Ritterman and M. Kevin Brown. of
Sparrows Point Shipyard for their efforts on the project.

Special gratitude is expressed to M. H W Htzrot of Bethlehem Steel
Corporation whose ideas and prelimnary work served as the basis for the
initiation of the program

The report was witten by M. J. W Peart under contract to National Steel
and Shipbuilding Conpany. M. James Ruecker of NASSCO as Chairman of SP-3
(formerly 023-1), was responsible for the editing and publication of the final
report.



EXECUTI VE SUMVARY

Recl amation of spent mineral abrasives is a new concept for shipyards.
There is considerable value retained in spent abrasives, particularly wth
today’'s escalating procurement and disposal costs. The cost effectiveness of
recl ai ming abrasives in some operations is further enhanced in the jurisdictions
where the spent material is classified as a hazardous waste.

The reclaimpotential of abrasives is discussed, along with a quality
conparison for reclaimed vs. virgin abrasive

A prototype reclaimer is in operation at Bethlehem Steel, Sparrows Poi nt
Shi pyard, under the auspices of the National Shipbuilding Research Program The
unit is described, and the operations data presented in this report, are the
result of that effort

The abrasive reclainer operational costs and payoff are di scussed, along
with a review of design criteria. In conclusion, abrasive reclamation is
extrenely cost effective, and produces a superior product. A state-of-the-art
reclaimer systemis available to acconplish this task effectively.
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1.0 PRQJECT RESULTS

The Ship Production Conmittee Panel 023-1 on Surface Preparation and
Coatings, noting that shipyard sources of quality mneral materials were linited
and procurement and disposal costs were consistently increasing, decided to
. investigate the feasibility of the reclamation and reuse of abrasives.

Prelimnary studies concluded that reclamation of abrasives by individual
shipyards was technically feasible and econonmically attractive. A devel opment
program was planned and inplenented to produce a prototype abrasive reclamation
system appropriate for this objective.

The system devel opment was subcontracted to Apache Abrasives, Inc. of
Houston, Texas. The reclainmer was installed at Bethlehem Steel, Sparrows Point
Shipyard. The follow ng conclusions are based upon an analysis of technical and
cost data reported by Bethlehem Steel, Sparrows Point Shipyard. Their data was
based on two years of intermttent operation due to reduced abrasive demand.

The results and conclusions of this effort are as foll ows:

1. Based upon the costs generated by the reduced production and | ess than
efficient operation node and a nodest $42.00/ton for disposal cost for
spent abrasive, mineral abrasive reclamation with the prototype systemis
cost effective.

2. Wen equiprent utilization approaches the design capacity of 13 tons of
useful product per hour on a single shift basis a dramatic reduction of the
cal cul ated operating cost will result.

3. The ever increasing disposal cost and the classification of the spent
abrasive as a hazardous waste by some states make utilization of a
reclaimer extrenely economically attractive.

4., The prototype unit can be operated by shipyard personnel. The unit
features a sequential start-up and operation procedure interlocked for
safety.



5. Periodic sieve analysis of feed, product, internmediate fines and fines is
required for efficient operation.

6. The reclaimed material has an increased blasting efficiency of 20-25% The
finer material produced results in a 2.0-2.5 nil profile which is excellent
fromboth a quality coating and production viewpoint.

7. Trace elenment analysis of the reclaimed material at Sparrows Point Shipyard
met EPA Solid Waste Leachate requirenments.

8. The reclamation of spent abrasive has the potential for producing |arge
cost savings to a blasting operation. A state-of-the-art systemis
available to efficiently acconplish this potential.

9. Using the econom c analysis contained in this report as a guide, easy
assessnment of potential reclainer cost savings on individual operation data
can be nade.

2.0 DEVELOPMENT AND | MPLEMENTATI ON

2.1 Feasibility Study Mneral Abrasive Reclaimng - Avondal e Shipyards

A feasibility study was initiated by Avondal e Shipyards to
determine if mneral grit recycling was justifiable. The work was
performed by Denson Engineers, Inc. of New Oleans, Louisiana with M.
Charles E. Prewitt as principal investigator. The report is contained
in |Append| X A |

The object of the study was to investigate methods of mineral
abrasive recycling, estimate cost involved in building such a
facility, identify potential savings, and performlife cycle analysis
of project economics to deternmine if recycling was justifiable.

The follow ng tasks were acconplished.



A process schematic and a performance specification were
pr epar ed. Abr asi ve consunption rates and physi ca
characteristics were deternmined. Reclaimng plants with designs
of 15 and 30 tons per hour capacities were reviewed for econonic
attractiveness.

Potential contractors were contacted for cost proposals.
Esti mated costs ranged from $200,000 to $1,140,000. Because of
the wide discrepancy in costs, the contractor prepared his own
cost estimate. His estimated cost was $522,200 and $703,000 for
a 15 and 30 ton per hour plant respectively. These values were
used in the econom ¢ analysis.

In addition to the reclaimer hardware the follow ng additional equipment
was included in the estimte

Transport Truck

End Loader

Foundat i ons

Auxiliary Hoppers and Bins
El ectrical Service
Installation Labor

[Table T Jitenizes these costs.
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TABLE |

ABRASI VE RECLAI M NG PLANT COST ESTI MATES (1982)

[tem

Recl ai m ng Equi pnent
Rotary Dryer & Dust Control
Mat erial Handling Conveyors
Hoppers and Bins
Vi brating Screen(s)
Grizzly and 1/2" Screen

M sc. Hoppers and Bins
Foundat i ons

Electrical and Controls
Front End Loader

Pneumatic Transport Truck
Msc. and Contingency
TOTAL ESTI MATED COST

15 TPH Pl ant

$183, 000
24,400
48, 800
12, 600

4,900

31,700
21,600
42,200
40,000

65, 000
48, 000
$522, 200

30 TPH Pl ant

$305, 000
29, 400
50, 800
25,200

4,900

33,700
32,000
50, 000

40, 000
65, 000

64, 000

$703, 000



Life cycle analysis was perforned for several alternates wth
varied plant size, inflation rate, and operating hours. This
analysis resulted in the conputation of present value of savings,
profitability, index, discounted payback, and percent return on
i nvestment of each alternative. The reason for using various
alternates was to determne under Which conditions the project
woul d be justifiable.

Table I Jprovides a summary of life cycle analysis calculations.

An initial abrasive of $40.00/ton, disposal cost of $3.00/ton,

and a recovery rate of 43.8% for new abrasive cycled three tines was

used in the analysis. (For further details Ref. [Appendix AJ.

TABLE 11
SUMARY OF LIFE CYCLE ANALYSI S CALCULATI ON (1982)

Assunpti ons:
Project Life 10 years
Cost of capital: 15%
Tax Rate: 46%
Depreci ati on: Sum of Years Digits Method
Inflation Rate: 5%
| nvest ment Tax: 10%

The base year is assuned to be the year of project conpletion. Start up is
assumed to occur the first of the following year with a full year of operating

savings.



TABLE |1 (Cont’d.)

15 TPH Pl ant 30 TPH Pl ant
$522, 200 $703, 000
Operating Cost 163, 750 212, 875
395,514 791, 028
I nvest ment Tax Credit 52,200 70, 300
Present Val ue of Savings * 919,020 * 2,138,728
*% 130,395 ** 630,635
Equi val ent Annual i zed Cash Fl ow 183,117 426, 146
Profitability I|ndex 1.76 3.04
Di scounted Payback ¥ 3.99 * 2.03
* % 308 * 16
% Return on | nvestnment 33. 06 60. 07

* Includes corporate taxes, depreciation, and 5% inflation
** ]ncludes corporate taxes, depreciation, and 10% inflation

The report concluded that the 15 tons/hour plant operating 200
days/year at 7 hours per day producing 21,000 tons per year was
econoni cal |y justifiable. | t warned  that  consunption
requi renents should be such that the plant should operate at
| east one shift per day. Analysis today, with the high disposal
cost of used abrasives as hazardous material, the econom cs woul d
be even nore attractive.

Al'though the analysis was positive and the National Shipbuilding
Research Program noney was available for the project, other
consi derations precluded Avondale's further participation in the
reclai mer devel opment.



2.2 BETHLEHEM STEEL - SPARROAS PO NT SHI PYARD

2.2.1

coal

Participation Criteria

The participating yard uniquely had a large amount of stored used
slag abrasive in an open area of their facility. A cost analysis

confirmed the attractiveness of participating in the proposed program

with the installation of a prototype reclaimer system This analysis
and conclusion were based upon the follow ng:

a)

A $50/ton purchase cost for new blasting
The estimated cost to recycle material was $16 to $17/ton.

The reclaimng facility could produce its rated capacity of 20
tons/hour with a yield of 12-14 tons/hour of good recycled
product .

The spent material in the north field could be recycled as it
exi st ed.

The recycled material could be an effective abrasive blasting
medi um that has an acceptable breakdown rate, operating mx and
produces a surface profile of 2.0-2.5 mils (50-63 um. Al though
the reclaimed material is known to be a finer mx than the
mneral abrasive now purchased, it was estimated that an
acceptable surface profile could be achieved. while utilizing a
finer material

The proposed reclaimng systemwas essentially a closed system
with few enission areas. A simlar unit was being operated in
California wthout environnmental objections hence no em ssion
probl ems were expect ed.



g) The recycle abrasive would meet Maryland's hazardous waste
requirements

h) An abrasive requirenment of 12,000 tons per year would be
mai nt ai ned by the shipyard.

A prototype system designed by M. H M Hendrick, Il of Apache
Abrasives, Inc. was chosen. The reclanation equipnment was available
for $73,975, which was an extrenely attractive price when conpared to
the facility estimates generated by the Avondal e study. (Ref. 2.1).

2.2.2 Design Criteria

It was estimated that the annual consunption rate of minera
abrasives at the test shipyard was approxi mately 12,000 tons. An
i nportant design factor is peak demand. Sufficient reclaimng
capacity nust be available to neet both averages and the maxi num usage
requi rements, generated by accelerated and non-uniform production.
Historically, shipyard abrasive requirements vary drastically because
blasting and coating is usually done in a very concentrated timeframe
within the overall schedule.

The reclamation production rate is governed by the drying
capacity of the system  The prototype system was designed to dry
twenty tons per hour at 4% noisture, which is typical of drained
stockpiles. In the case of coal slag at the test shipyard, this nmeans
65% of the tonnage processed, or 13 tons per hour usable product.

One eight hour shift operation will typically produce 80 tons of
abrasive. A typical blaster utilizes 1/2 ton per hour, so assuming a
"nozzl e-on-time'" of 6 hours in an eight hour shift, this production
will support 26 blasters per shift.

The screen analysis of spent coal slag abrasive at the test
shipyard indicated a typical yield of 65%  reusable product. Screen



analysis on spent copper slag at other facilities indicated a typical
yield of 80% reusable product.

The reclaim potential can be calculated by applying in the
geometric series ( 1 + r + r~ + ...)).- which converges to 1/(1-r) for
r<I. Specifically, for coal slag where r = .65, the reclaimpotential
over a long period of tine is 2.88 recycles. Simlarly, copper slag,
for r = .80, gives 5 recycles.

2.2.3 System Description and Qperation

The process of abrasive reclamation is sinply one of drying and
separating by size and density.

The Reclainmer System installed and operating at the test
shipyard, is a proprietary configuration of drying, screening, and
material handling equipment. It utilizes a rotary dryer with an
automatic burner linked to material tenperature. After drying, the
material is classified to 3/16" by 50 mesh, and el evated for discharge
into a 100 ton storage silo. The burner, material flow and storage
systems are conpletely interlocked for safe operation and quality
control .

The plant is staffed with two operators. One worker operates the
front end |oader, and enpties flo-bins (refuse) as required. The
other worker nonitors the plant controls, periodically checks the

pl ant equi pment for proper operation, and sanples product for quality
assurance.

The test shipyard facility is autonated to permit this two-man
operation. Sufficient production capacity is provided to allow
down-time for refuse disposal, clean up, or preventative maintenance.

Delivery of reclainmed abrasive is acconplished by pneumatic
trailer. The front end |oader operator also perfor this delivery
function.



2.2. 4 Installation Costs

Neutral installation costs were somewhat higher than estinmated
(Ref. Table I11)

The following item inpacted the installation costs:

A The fact that the facility sits on a land fill site required a
foundation design larger than originally planned.

B. The installation was straightforward but some nodifications were
required because of both drawing and fabrication errors. The
unit being a prototype, some nodifications were expected.

C. The avail able front end | oader could not reach the feed hopper
therefore, a ranp was built; this being a cheaper alternative
than purchasing a new | oader.

D. The reclaimer unit is equipped with a 6,000 cfmair pulse dust
collector. The unit is designed to operate on quality yard air.
Unfortunately, quality of air at the site was inadequate and a
portable conmpressor had to be purchased; the major problem being
| ow pressure and inadequate vol une.

Table Il |compares estimated and actual installation costs

-1o0-



TABLE |11

ESTI MATED AND ACTUAL | NSTALLATI ON COSTS

Esti mat ed
Ampunt
Apache Recl ai mi ng System $ 80,000
Install ation:
Labor 12,000
Mat eri al 29, 200
Frei ght 2,500
Gizzly & Vibrator 2,500
Inertial Separator 4,600
100T Silo 20, 000
Transport Truck 14,000
Conpr essor 2,400
$167, 200

-11-

Act ual
Amount_

$ 73,975

60, 048
34, 605
7,826

2,523
4,625
19, 856
9,215
7,895

$ 220, 568



2.2.5 Quality of Reclainmed Abrasive

Abrasive quality considerations include graduation, chemstry,
cutting rates, friability or breakdown, and density.

Tabl e IV |conpares size distribution of the as-received abrasive

with reclaimed material at the test shipyard.

TABLE |V
SCREEN ANALYSI S

Virgin Abrasive Recl ai ned Abrasive
U S. Sieve Wi ght  Per cent \\ei ght  Per cent

8 0 1

12 15 8

20 60 42

30 2 0 19
40 4 14

50 1 10

70 0 5
PAN 0 1

The recl aimed abrasive tends to be finer in graduation which
results in a reduced profile of 2.0-2.5 mls as conpared to a profile

of 3.0-3.5 mils for the virgin material. This reduced profile is
superior for production and presents a good anchor pattern for coating
adhesi on. Increased cleaning production rates of 15-20% were
experience d with the reclained material. The production rate

i ncreased for several reasons.

The reclaimed material is harder than the supplied naterial,
because the softer particles fracture during blasting, and are renoved
as fines. When a particle fractures on inpact, its energy is
dissipated rather than utilized to scour the steel- surface. In

-12-



addition, finer graduations give nore inpacts per unit of surface
area, hence faster cleaning rates.

The test shipyard is unique in having a huge stockpile of spent
abrasive, and is satisfied with the blasting rates and profile
obtained with one pass reclainmed material. In order to fully utilize
the reclaim potential of a material, continual snall additions of
coarse material are necessary to maintain a consistent working mx.

The chemstry of reclainmed abrasive remains consistent with the
original, except for small amounts of paint solids estimated to be
| ess than one percent by weight. The reclamation process separates by
size and density, so the vast majority of contaminants are renmoved as
fines. The EPA Solid Waste Leachate test was perforned and the
reclaimed material proved to be non-hazardous |[(Ref. Appendix C| Figure
8).

2.2.6 Qperation Costs

The unit was denonstrated to the SNAME, Panel 023-1, Cctober
1983. A prelimnary report and presentation was given by M. Kevin
Brown, Sparrows Point Shipyard, who was responsible for the project
(Ref.  Appendix B).

He documented the history and operation to that date. | Table V

conpares prelininary operating costs to estimated costs.

-13-



TABLE V
ESTI MATED COSTS VS. PRELI M NARY OPERATI ON COSTS

Esti mat ed Prelimnary
Power (fuel & electric) $ 4.00/ton $ 2.85/ton
Labor 3.90/ton 3.00/ton
Mai nt enance at 5% Initial Cost .70/ ton 1.40/ton
Depreci ation 2.30/ton 2.30/ton
Di sposal of Refuse 3.30/ton 3.30/ton
Handl ing of Reclaim 1.80/ton 2.20/ton
TOTAL COsT $16. 00/t on $15.05/ton
NOTE: 1) The estimates are based on annual consunption of 12,000 tons/year

2)

at a recoverable yield of 70%
Ref use di sposal had not been realized to date.

A final report was submtted September 6, 1985 by Bethlehem
Steel, Sparrows Point Shipyard. Pl ease reference |Appendix C |for
details.

The cost data accunul ated and documented in the final report to
eval uate the performance of the reclainmer was significantly inpacted
by the low utilization rate of the reclaimer.

The yard abrasive consunption from Septenber 1983 to August 1985
was only 4,943 tons of approximtely 2,500 tons per year. This |ON
demand had a very negative inpact on production efficiency and
escal at ed docunented | abor cost. onpares estimated cost,
actual cost and costs based on actual cost and extrapolated to 12,000
tons/year  production. These estimated costs based on actual
documented cost reflect the low production efficiencies due to
spasnodi ¢ production.

-14-



TABLE VI
PRODUCTI ON_ COSTS

Origi nal Revi sed Act ua
Estimate Estimate cost
Vol ume (tons of recycled grit) 12, 000 12, 000 2,471
Cost per Ton
Power (fuel & electric) $4. 00 $ 221 $2. 42
Operating Labor 3.90 5.67 15. 96
Mai nt enance .70 1.35 11. 36
Depreci ation 2.30 1.83 8.93
Di sposal of Refuse 3.30 18. 00 18. 00
In-Yard Handling of Abrasive _1.80 .78 4.20
AVERAGE COST PER TON $16. 00 $29. 84 $60. 87
NOTE : The original estimate was prior to installation based on a 70% yiel d.

The revised estimate is based on actual operating costs extrapol ated
to a level of 12,000 tons annually. Actual cost represents the actua

vol ume and costs per ton experience during the two year period of
operation

The rationale as presented in Appendix C for the costs documented
in|Figure VI |s presented below. A discussion of the rationale is

presented after each cost element.
A Power

Estimated power costs were revised downward by 45% The actual costs per
ton for diesel fuel and electricity were $2.05 and $.37 respectively.

It should be noted that the quantities used were estimted not neasured

Measured power costs for a similar reclaimer located in another rate area are
docunented as $.11/ton for electricity and $I.15/ton for fuel

-15-



B. (perating Labor

A significant cost increase occurred in operating labor. During the two
year period 4,638 hours were charged to the recycling operation costing $78, 884.
Down-tine and | ow demand by the yard were the primary causes for the high rate
per ton. The revised estimate projects a $5.67 rate per ton as:

4,000 hours (2men/day) X $17 = $5.67/ton
12,000 tons

This cost of |abor at two men per day operation is the major cost element.
If the reclainmer is operated at near capacity this figure would be significantly
| ower .

C. Mai nt enance

During the two years of operation, labor and materials costs for
mai nt enance were $34,381 and $21,771 respectively. Mst of the costs were
start-up and operating problens which were not necessarily volune related. The
revised estimte based on ongoing operations is $1.35 rate per ton or $16, 200
per year.

The above costs included maintenance on the front end |oader, abrasive
del i very pneunatic tanker and tractor. This support equipnent Was quite old and
required above average naintenance.

Maj or reclai mer maintenance cost was the result of two itens:

1. Two bags were replaced in the baghouse. This was the result of using
plant air for pulse air cleaning; both the pressure and volume were
i nadequate for this purpose. This problemhas been rectified with the

installation of a separate conpressor for this purpose.

2. Dryer trunnions and tires had to be replaced prematurely because of
excessive wear. This was the result of out of adjustment operations.

-16-



A simlar dryer has processed 240,000 tons of abrasive with the
repl acement of a single trunnion.

D. Depreci ation

The total cost to purchase and install the facility, including the
transport truck was $220,568. Based on an estimated economc useful life of 10
years, the fixed annual amount of depreciation is $22,057. At volume |evels of
12,000 (estimted) and 2,471 (actual) the rates per ton are $1.83 and $8.93
respectively.

As noted above the depreciation cost/ton of abrasive would calculate to
$1.83/ton if the system were operated at design capacity.

E. Abrasive Handling Cost

Actual |abor and material costs incurred for handling the abrasive
materials were $12,445 and $8,329 respectively for the two year period. These
costs were high due to |ow volune requirenents, spasnodic operation and changes
in facility personnel. The revised estimate at 12,000 tons/year calcul ate at
$. 78per ton or $9,360 yearly

F. Ref use Disposa

Unrecycled blast nmaterial is stockpiled in the north field area of the
yard, therefore, incurring no disposal costs to the yard. The approximte 30%
waste from the recycling process must be disposed outside the yard. The rate
per ton of disposed waste blast material is $42.00 per ton or $18.00 per ton of
useable blast material ($42 X 30/70).

In actuality by reclainmng, the cost of disposal is reduced, therefore, the
above should be calculated as a saving rather than a charge

The in-house material cannot be used as is. 100% of the new materia

purchased if not recycled would have to be disposed of after use at a cost of
$42.00 per ton

-17-



The material being processed has a 60% vyield, which means an effective
reclaimpotential of 2.5. If disposal costs are $42.00 per ton, the actual
di sposal cost on each ton processed would be (42/2.5) or $16.80. The
net savings due to reclaining would be $42.00 - $16.80 or $25.20 on every
ton purchased

At their present material and disposal cost of $53.20 and $42.00 per ton
respectively they can achieve a savings of $34.33/ton and $65.36/ton based on
their low efficiency production cost of $60.87 and the revised estinate at a
production of 12,000 tons per year of $29.84.

The revised calcul ated cost of $29.84/ton as discussed above woul d seem

inflated. The actual cost should be much nearer the original estimate of $16.00
per ton
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FEASI BI LI TY STUDY
M NERAL ABRASI VE RECLAI M NG
AVONDALE SHI PYARDS, | NC.

Statement of Problem

Mneral abrasives are commonly used for blast cleaning of steel but unlike
steel abrasives are generally-not recycled but are discarded. At a cost of
approxi mately $40 per ton, the recycling of the spent nineral abrasive
should result in a significant cost savings.

vj ect :

The object of this report is to investigate nethods of nineral abrasive
recycling, estimate costs involved in building such a facility, identify
potential savings, and performa life cycle analysis of project econonics
to determine if recycling is justifiable at Avondal e Shipyards.

Pr ocedur e:

L Several docunments which discuss mneral abrasives and their recycling
were received including:

L “Proposed System for Recycling Blast-Ceaning Abrasives”; H W
Htzrot; Bethlehem Steel Corporation.

2. “Procedure Handbook - Surface Preparation and Painting of Tanks
and Cosed Areas”, U S. Maritime Administration.

These documents supplied essential background information and
data used in preparation of prelininary design and project
econom cs:

2. A process schematic and performance specification were prepared as a

basis for design of a recycling plant. Historical consunption of
m neral abrasives at Avondal e were used to cal cul ate proposed plant
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capacities and operating hours. Lab testing was perforned to obtain
physical data on mineral slag abrasive. Reclaimng plants wth design
t hroughputs of 15 tons per hour and 30 tons per hour were reviewed to
determ ne which plant size would be the nost economical to install and
operate

Several conpanies were contacted to determine their interest in
constructing a recycling unit. Three conpanies expressed an interest
in constructing a conplete recycling facility:

1. CAB, Inc.; Kent, Washington
2. Barber-Geene Conpany; Aurora, |llinois
3. Lift & Equipment Service, Inc.; New Oleans, Louisiana

Costs to furnish the recycling equipnment were reviewed and due to the
wi de range of estimates, an independent cost estimte was made.
Several manufacturers were contacted to obtain major conponent prices.
Addi tional cost for establishing a recycling facility were identified
and estimates obtained. Those itens include:

1. Transport Truck

2. Front End Loader

3. Foundations

4, Auxiliary Hoppers and Bins
5. Electrical Service

6. Installation Labor

Operating costs and estimted savings were calculated for the various
options. Inputs for the econonmic analysis such as facility life, cost
of capital, tax rates, and inflation were reviewed and sel ected.

Life cycle anal yses were performed for several alternatives which
varied plant size, inflation rate, and operating hours. The anal yses
resulted in the conputation of present value of savings, profitability
i ndex, discounted payback, and percent return on investment of each
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al ternative. The reason for using various alternatives was to
determne under which conditions the project would be justifiable.

D. D scussi on

1. The type of mineral abrasive used at Avondal e Shipyards is a coal slag
derivative that is a by-product of coal-fired utility plants. Various
grades are currently available, however, the product currently being
purchased is not usually consistent and contains excessive dust. This
is probably due to breakdown during handling and transferring
operations. Also the supply is potentially interruptible which mkes
recycling more attractive. It has been estimated that approximtely
60 percent of the original material is suitable for reuse a second
time and 30 percent of the tw ce-used abrasive may be used a third
tinme, thus each ton of new abrasive will provide the effective use of
1.78 tons.

(1. OX1) + (1. 0X0.6) + (0.6 x0.3) =1.78
The overall recovery rate for new abrasive used three times is 43.8
percent .
[1- (1/1.78)] X 100 + 43.8%

2. Pl ant performance specifications and a process schematic are shown in
[ Appendi XA |The key functions of the recycling plant are to renove

netallic and |large contam nants, to dry the material, to classify and
recover desired particle sizes, to discard the undesirable particles,

and to blend the reclained abrasive with new abrasive to achieve a

uni form and consistent working mx.

There are broken hoses, buckets, wood, paper, welding stubs and ot her
debris found in a typical stockpile of spent-abrasive. A magnetic
“grizzly” or bar grating with 2-inch spaces and |/2-inch screen is
used to separate this debris and netallic contami nants at the plant
feed hopper. Al the oversize fromthese two screens is to be
di scarded; The undersize fromthe hopper is transferred to the dryer
prior to attenpting further screening.
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™ types of dryers were reviewed--fluidized-bed and rotary. The
flui di zed-bed type dryer is ideal since de-dusting and drying are
acconpl i shed sinultaneously and efficiently. A further advantage is
that air does all the work, thereby mninizing wear on the heater and
further breakdown of the abrasive. However, several problenms exist
with fluidized-bed units. Flow of material and uniformparticle sizes
are critical and problens with plugging and consistent performnce
have been experienced. The fluidized heater needs to be operated
continuously to nmaintain air flow and tenperatures for satisfactory
operation. Due to these potential operational problens, the
fluidi zed-bed dryer was not considered and no reliable costs for
fluidized-bed units were obtained.

The rotary dryer offers a great deal of flexibility since its
operating paraneters are not as precise for proper operations.
Potential problenms with wear can be resolved by using a high alloy
wear plate. Fuel consunption is less with the rotary dryer compared
to the fluid-bed unit and de-dusting can be partially done with a dust
col l ection system and conpleted by a vibrating screen

Product screening is best done with dried product. Fine particles
under |/4-inch in size tend to clog screens when wet. However, when
dried, the fines under #100 nesh can be separated quite easily. A
vibratory screen with two decks has been selected due to its conpact
size and ease of operation. \Wen selecting the screen, test sanples
shoul d be submtted to the various screen manufacturers for sizing and
selection of the screening equi pment. A dust-tight cover should be
used to reduce the air pollution

Bl ending of recycled product with new product is essential to provide
a uniform abrasive. The recycled material will be harder and thus
wi |l provide some inprovement in cleaning rates over the new material
It is therefore necessary to uniformy blend the recycled material
with new material to provide the blaster a consistent grade of
material with which to blast.



One alternative to the process described above provides for mxing the
recycled and new materials ahead of the dryer which will permt
removal of excess fines and softer particles in the abrasive fromthe
final product. This option could be incorporated into a final plant
design, but it is felt that it will result in additional product
| osses due to the extra handling, and will increase the operating
costs of the plant by increasing the amunt of product to be processed
wi t hout further savings. However, separating the dust and soft
particles may inprove blasting productivity and offset some of the
additional material |osses and equi pment costs

The prelininary proposals for the recycling plant presented a range of
costs from $200,000 to $1,140,000. A detailed exam nation of the
quotes indicated that the greatest difference was in the prices of the
dryers. The following dryer manufacturers were contacted

Conbustion Engi neering
Feeco Internationa
Ful | er

N I

Davenport Equi prent

They indicated that dryer prices depend upon material flow rate,
materials of construction, noisture content, drive selection, process
temperatures and auxiliaries. Some manufacturers offer a linited size
range and in one case, the mninumsized dryer quoted was |arger than
required for either of the plants being considered. Since the dryer
.is the single nost expensive conponent, it is worth close exanination
and study to properly select the one to be used

Cost estimates for the plants under consideration are sunmarized in

Appendi x B. Equi pment costs, installation, foundations, auxiliary

equi pment, electrical service, and hoppers and bins are included. The
estimated cost for a 15-ton per hour plant is $522,000 and $703, 000
for a 30-ton per hour plant, installed and-operating. It is assumed
that no additional property costs will be incurred and that the plant
could be accommdated at existing facilities
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Qperating costs were calculated and are shown in[Appendix C. | Annual
cost to operate the 15 TPH plant is estimated to be $163, 750 and
$212,875 for the 30 TPH plant. The annual savings cal cul ations are’
shown in Appendix D. The savings are assumed to be in the reduction
of new material purchased and di sposal costs. Annual savings are
estimated to be $395,514 for the 15 TPH plant and $791,028 for the 30
TPH plant operating one shift per day, and before inflation. Varying
operating hours will directly affect these savings,

Life cycle analyses were nade for a 15 TPH plant and a 30 TPH pl ant
while varying the inflation rate, varying the operating hours and
varying the amount of initial stockpile with which to start. The
results of the analyses, using a mnimumof 5% inflation, are shown in
Appendix E.  The other results are discussed bel ow but are not shown
in the summary.

[f inflation increases to 10% the present value of savings wll
increase about 23% for each case and payback will reduce to 3.08 for
the 15 TPH plant and to1.60 for the 30 TPH plant. If inflation
reduces to zero then the project economcs are |less favorable with the
15 TPH plant being unjustified with an RO of 26% and apayback of 5.2
years.

If the project starts with an initial stockpile of spent abrasive,
then a portion of the first year’s supply of replacement abrasive wll
be avail abl e. For exanple, if a 22,250 ton stockpile of spent
abrasive is available, then the present value of savings is increased
by approxi mately $365,000. The econonmics are inproved to 2.62 years
payback and 48% RO for the 15 TPH plant and 1.7 years payback and
70.6% RO for the 30 TPH plant. A larger stockpile would result in
even greater savings and should be a part of the project planning.
Changi ng the operating hours fromone to two shifts per day will also

result in inproved economcs. If substantially less volume is
processed annually than was assuned, then neither plant will be

economi cal . It is very inmportant that the plant size be carefully
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selected to avoid installing a facility that is likely to be
underutilized

E. Result and Recommendations

It has been shown that construction of an abrasive recycling
pl ant can be economically justified at Avondal e providing that
sufficient consunption exists to keep the plant running at |east one
shift daily. Establishing an initial stockpile prior to start-up wll
i mprove the economics and will help pay for the plant's initia
install ation.

It is suggested that if Avondale chooses to proceed with this
project, they construct a 15 TPH plant. It is sufficiently sized to
process the amounts of abrasive used in recent years with only a
slight increase in operating hours per year. Material could be hauled
to the plant fromother facilities to further reduce mneral abrasive
costs for blasting operations and to keep the plant fully utilized
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SPECI FI CATI ONS
FOR
BLAST ABRASI VE RECOVERY SYSTEM

Gener al

These specifications describe a facility for the recycling of spent m neral
slag blasting abrasive. To be included is the design, selection and
furnishing of all material conveying equi pment, screening devices, hopperss
silos, notorss controls, dryer-deduster, structural supports, fans, dust
collectors, ducting and other itens necessary to furnish a conplete and
operating facility. Al'l conponents shall be suitable for outdoor
industrial environment and for handling of the abrasive material.

The purpose of this facility is to reclaimused slag-type abrasive by
separating trash, ferrous contam nants, moisture and dust from reusable
abrasive. The follow ng specifications describe the process which is shown
schematically on the attached draw ng.

Process Design

1. Renmoval of Contam nants

As-received abrasive shall be screened on a 2-inch magnetic grizzly to
remove |arge contam nants and netallic. The undersize fromthe
grizzly shall then be screened on a |/2-inch screen for renoval of
smal | er contam nants.

2. Drying and Dedusting

Drying and dedusting shall be acconplished through a dryer sized to
sufficiently dry the material to a moisture content no greater than
0.5% by wei ght. The dryer shall be supplied with a forced-draft
bl ower, natural gas burner, conbustion and ignition controls, high
tenperature shutdown and nodul ating thernostatic firing control.
Either a fluidized-bed or a rotary type dryer shall be utilized.

3, Screeni ng
Product |eaving the dryer shall be screened on a 2-deck vibrating
screen. The screen shall separate #10 nesh oversize and #100
undersize for discard. The reusable material renaining shall be
transferred to a storage bin.

4, Bl endi ng Process

New product to replace |osses shall be stored in a bin adjacent to the
recycled product storage.

A gravity flow mxing unit shall mx recycled product with new product

to provide a suitable final product. Adjustments shall be provided to
control blending ratio. ‘
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Desi gn Paraneters

Plant shall be designed to operate with the follow ng paraneters:

1, Conposition of Plant Feed: (VWight %

Reusabl e Size: #12 to #100 Sieve 60%
Fines #100 Sieve undersize 12%
Moi sture 10%
Magneti cs 4%
+2" Trash 5%
+1/2" Trash 5%
+ #10 Sieve Trash 4%

2. Conposition of Dryer Feed: (Wight %

Abrasive Product 70.0
Oversize (#10 Sieve) 5.0
Fines (#100 Sieve) 14.0
Mbi sture 11.0

3. Feed rate to plant = option #1 - 15 tons per hour
option #2 - 30 tons per hour

1004/ ft .3
equi val ent to 50-58 Rc

4. Bul k density
Har dness
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FIGURE 1
BLAST ABRASI VE RECLAIM SYSTEM

Q ?ECK VIBRATING SCREEN
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+ #100
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PRODUCT PRODUCT
STORAGE

FRONT-END
RECYCLE LOADER 112" SCREEN]  DUST
STOCKPILE OVERSIZE MIXER
TO DUMP PNEUMATIC
DUST TRANSPORT
L& CONTROL
NATURAL GAS —— P .
. DRYER > /4/

COMBUSTION BUCKET O O

CHAMBER ELEVATOR

* DRYER TO BE EITHER

AVONDALE SHIPYARDS, INC.
NEW ORLEANS. LOUISIANA

ROTARY OR FLUID-BED
TYPE

I PRELIMINARY PROCESS FLOW
SCHEMATIC

I MINERAL ABRASIVE RECYCLING PLANT

DATE: 2 MARCH 1982 A3
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FI GQURE 2

ABRASI VE RECLAI M NG PLANT
COST ESTI MATES

| TEM 15 TPH Pl ant 30 TPH Pl ant

Recl ai m ng Equi pment

Rotary Dryer and Dust Control $183, 000 $305, 000
Mat erial Handling Conveyors 24, 400 29, 400
Hoppers and Bins 48, 800 50, 800
Vibrating Screen(s) 12,600 25, 200
Gizzly and 1/2" Screen 4,900 4,900
M sc. Hoppers and Bins 31,700 33,700
Foundat i ons 21, 600 32,000
Electrical and Controls 42,000 50, 000
Front End Loader .40, 000 40, 000
Pneumatic Transport Truck 65, 000 65, 000
Msc. and Contingency 48, 000 64, 000
TOTAL ESTI MATED COST $522, 000 $703, 000
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FIGQURE 3
OPERATI NG COST CALCULATI ONS

Assunptions :
Pl ant Sizes 15 TPH and 30 TPH
Annual Qperation 200 days per year, 7 hours per day

Total Production Qutput

Natural Gas Cost $5. 00 per MCF
Electricity Cost $0. 045 per kwh
Labor Cost $20 per hour
Natural Gas
15 TPH - * 5.5 M Btuh x 1400 hours = 7,700 M Btu
Vol ume @ 1000 Btu/CF = 7.7 M
Annual Cost @ $5.00/ McF= $38, 500
30 TPH - * 11.0 M Btuh x 1400 hours = 15,400 MBtu
Vol ume @ 1000 Btu/CF "15.4 M CF
Annual Cost @ $5,00/ MCF = $77, 000
* Furnished by dryer manufacturers
Electricity
15 TPH - Total requirements - 50 kw
Annual Cost = 50 kwx 1400 hours x $0.045 per kwh
30 TPH - Total requirements - 75 kw
Annual Cost - 75 kw x 1400 hours x $0.045 per kwh
Labor Costs

Mai nt enance Costs

15 TPH -

30 TPH -

"15 TPH - 21,000 tons per year
30 TPH - 42,000 tons per year

$3, 150

$4,725

Annual Cost = 2 men x *2400 hours x $20 per hour = $96, 000

* |'ncludes overtine

- 5% of initial cost per year
Annual Cost = 0.5 x 522,000 = $26, 100

Annual Cost = 0.5 x 703,000 ~$35, 150

Total Annual Operating Costs

15 TPH -

30 TPH -

$163, 750
$212, 875
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FI GQURE 4

ANNUAL COST- SAVI NGS

Assunpt i ons:

Recovery Rates: 60% of new
30% of tw ce used
or each new ton is used
1+ (1 x .6) + (.6x .3) = 1.78 times

Ef fective Recovery Rate [1- (1/1.78)] x100 = 43.8%

Cost of New Abrasive $40.00 per ton

Di sposal Costs = $3.00 per ton
Annual Production Rates
15 TPH = 21,000 tons
30 TPH = 42,000 tons
15 TPH Pl ant:
Savings inNew Abrasive = 21,000 tons x (1 - 0.562) x $40 = $367, 920
Savings in Disposal = 21,000 tons x (1 - 0.562) x $3 = $ 27,594
Total Annual Savings $395, 514
30 TPH Pl ant:
Savings in New Abrasive = 42,000 tons x (1 - 0.562) x $40 = $735, 840
Savings in Disposal = 42,000 tons x (1 - 0.562) x $3 = $ 55,188
Total Annual Savings $791, 028
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FIGURE 5

SUMVARY OF LI FE CYCLE ANALYSI S CALCULATI ONS

Assunpt i ons:
Project Life: 10 years
Cost of Capital: 15%
Tax Rate: 46X
Depreci ati on: Sum of Years Digits Method
Inflation Rate: 5%
| nvest ment Tax: 10%

The base year is assuned to be the year of project conpletion. Start-up is
assuned to occur the first of the following year with a full year of operating
savi ngs.

15 TPH Pl ant 30 TPH Pl ant
Initial Cost $ 522,000 $ 703,000
Annual Operating Cost $ 163,750 $ 212,875
Annual Savi ngs $ 395,514 $ 791,028
Investnent Tax Cr edi t $ 52,200 $ 70, 300
*present Value of Savings $ 919,020 $2, 138, 728
Equi val ent Annual i zed Cash Flow $ 183, 117 $ 426,146
Profitability Index 1.76 3.04
Di scounted Payback 3.99 2.03
% Return on | nvest ment 33. 06 60. 07

*I'ncl udes corporate taxes, depreciation, and 5% inflati On.
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ABSTRACT

As those in the shipbuilding industry are already aware, the need for
i npl ementing innovative and cost-efficient systems in this country’ s marine
construction yards has never been greater. |Indeed, all industries are affected
by the increasing pressures that are brought to bear to reduce costs and
increase quality. The U.S. Navy has also joined in this never ending battle
thereby inducing still greater demands on the shipbuilding industry. Sinple
deduction reveals the increased conpetition anong the yards given the current
state of affairs, and logic demands the need for swift and decisive action

One such course of action is to transform previously useless material into
a product which neets quality and productivity requirements. The reclamation of
“spent” mneral abrasive can reap quite a large savings while satisfying the
criteria of quality and productivity. The idea of reclaimng abrasive has been
around for quite some tine. The only stunbling bl ocks being cost and
efficiency; quite form dable obstacles to be sure.

This paper dedicates itself to the role of the abrasive reclaimng system
in the Sparrows Point Shipyard surface preparation processes. The systemis
di scussed in such fashion as to fully explore the effectiveness and efficiency
of the systemin this regard.
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GENERAL  COMMENTS

A DEFI NI TION OF PROBLEM

The Sparrows Point Shipyard has for many years considered the huge
stockpile of “spent” mneral abrasive as sonething |ess than trash. It
represents noney--fifty dollars a ton--never to be utilized again: an unwanted
resi due of past abrasive blasting operations. The only use for the material was
to continue the landfill programat this particular |ocation.

The concept of reclaimng the abrasive was bandi ed about for many years,
W th no appreciable results. The ingredients for such an operation were
obviously apparent: virtually inexhaustible supply; the wll to process the
material; etc. The only ingredient l[acking was a systematic process where such
work could be performed. This problem no |onger exists given the reclainng
facility now operating at the Sparrows Point Shipyard.

B. DECISION CRITER A

Havi ng received the opportunity to submt a proposal for the MarAd program
a nunber of parameters were considered prior to the decision to bid for the
project. These paraneters and a relative description of the decision process
are as follows:

L. ECONOM CS

The annual consunption of mineral abrasive at Sparrows Point Shipyard
is in the neighborhood of 12,000 tons; at fifty dollars a ton this is a
consi derable sum The spent abrasive stockpile consists of tens of
t housands of tons of material. Thus, the suprenme interest in the concept
of abrasive reclaimng. Estimates as to the projected cost per ton to be
absorbed by the yard was approxi mately seventeen dollars--a huge savings!
Perhaps the nost inportant aspect of this criterion was the MarAd grant
enabling the yard to participate in the programfor testing the prototype
system
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2. EFFI Cl ENCY

This criterion could arguably be included in the Econom cs section of
this report, however, it is a system response so the need for
differentiation is clear. The abrasive reclaimng system nmust--in order to
be cost efficient--process a relatively high volune of naterial per period
of times with a high yield percentage at a reasonable cost. Studies of the
stockpil ed m neral abrasive projected a yield of 60-70% This magnitude of
recovered abrasive is sufficient to neet the yard' s yield percentage
requirenments. The reclaimng systemis rated at a production capacity of
20 tons/hour while the rate of yield is 12-14 tons/hour. G ven the
abrasive requirements for the Sparrows Point Shipyard this production
capacity neets the aforenentioned neasure. An estimate of the cost/ton to
produce abrasive indicates a substantial savings given the abrasive
requirements already stated. Figure 4

3. EFFECTI VENESS

Havi ng theoretically produced a cost efficient mneral abrasive, the
follow ng consideration is of supreme inportance, i.e., is the material an
effective abrasive blasting nedium The reclaimed material nust not have an
excessive breakdown rate, it nmust have an acceptable operating mx and it nust
produce a surface profile of approximately 2.0-2.5 mls (50-63 um.
Al though the reclaimed material is known to be a finer mx than the mnera
abrasive now purchased, it, is also known-that an acceptable surface profile
can be achieved while wutilizing the finer material. Studies have indicated
a 2.5 times recovery rate for the coal slag material. Figures 1-2-3

4. ENVI RONVENTAL

The State of Mryland has rather stringent environnental regulations
concerning the emssion of particulates into the air. Since the reclaimng
system proposed enjoys acceptance in the State of California no serious
obstacles were thought to arise. The reclaimng systemis essentially a
cl osed systemwith few em ssion areas which could, through modification,
essentially be closed
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The spent abrasive, if exceeding allowable concentrations of toxic
el enents, can pose a serious problemif considered a hazardous waste.
Fortunately, the Sparrows Point Shipyard has, as a matter of course,
elimnated the use of substances such as |lead and chromates in the
production coatings. An EPA toxicity test is to be performed on both spent
and reclained abrasives for verification.

5. STAFFI NG

The reclaimng system as proposed requires tw operators to
efficiently produce abrasive. During operating periods, one man nonitors
the control booth and keeps a watchful eye over the facility ever diligent
for a malfunction while the second operator devotes hinself to the
operation of the front end | oader and the other various nobile equipnent.
The supervisor of the area is an operating engineer who nonitors the
control booth, perfornms all record keeping, and initiates the preventive
mai nt enance program The second operator is from the transportation
department and is responsible for delivering the reclained abrasive and
assisting the operating engineer in his duties. Figures 6-7

C. ABRASI VE RECLAIM NG FACI LI TY

The reclaimng facility as designed by Apache Abrasives, Inc. is really
quite sinple in theory. It consists of few conponents which makes for both
production and preventive maintenance ease. A brief summation of the process is
provi ded as foll ows:

The spent abrasive is loaded into the input receptacle through a I-inch
vibrating grizzly. The material is then transferred by conveyor at a rate of 20
tons/hour to the rotating dryer. The rotating dryer is heated by a diese

burner which elininates noisture at this stage. At the end of the drying cycle
the abrasive is transferred to one of three material chutes: the first chute is
for oversized material of 3/16"-1" in size, the scalping screen at this point
elimnates this coarse material; the second chute is to the 6,000 cfm baghouse
which draws the talc naterial (140 mesh minus); the third chute transfers the
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acceptabl e material at this point to the bucket elevator. At this juncture the
material tenperature is nonitored by a therno-couple, the average tenperature is
300°F. The material is transferred to the air wash and inertial separator where
the fines (talc) and intermediate fines (80-140 mesh) are further reduced. The
specified reclaimed abrasive is then stored in the 100 ton silo. Figures 8-9-10

The installation of the facility is rather straightforward, though a
consi derabl e amount of additional work was necessary due to fabrication and
design errors--this will be discussed nore fully later in the report. The
foundation |ayout and the ranp are exanples of structures deemed necessary
due to the peculiarities of the yard. The facility sits on a landfill
site. As such there is much concern with regard to settling; hence, the large
f oundati on pad. Secondly, the shipyard is faced with a front end | oader
problem That being, the one currently in use is a bit undersized for the work
as is its replacement: the result is a ranp

The reclaimng facility is located beside the abrasive stockpile for
production purposes. The location is ideal for this type of operation; far from
the bustling operations normally found in the shipyard. Mich thought nust be
given to site selection, since the process can interfere with sone production
areas. Careful consideration nmust be given to the elimnation of airborne dust
in these areas

Since the inception of the facility as a viable unit, great pains have been
taken to work the abrasive reclaimng proces into the yard processes. This has
been a multi-step progressive system gradually-minstreaming the unit into the
yard's blasting processes. At this witing the reclaimer services three of the
four major abrasive blasting locations. This service is not exclusive, since
the facility has experienced considerable down-tine due to the inherent
difficulties associated with any new facility. The applications have varied
frompreparing nmill scale and rust plates to commercial blasting and underwater
hul | coating system In each instance the abrasive has performed adnirably.

B-5



D. OPERATI ONS

Al though the reclai mer system produces abrasive at an extrenely |ow cost,
there still exists a fine line between profitability and |oss. There nust not_
be excessive down-time if the facility is to be an efficient operating unit. A
process such as this, is-by nature--a self-destructive one. Being cognizant of
this, preventive maintenance nust be adopted as a formal, continuing program
which is strictly adhered to. The inportance of such a program cannot be
enphasi zed too strongly. Preventive maintenance and quick mnor repairs must be
made on site by the facility operators. This approach has already reaped
benefits for the Sparrows Point Shipyard where the facility operators have been
able to elicit these repairs without the assistance of the plant maintenance
group. Figure 11

The actual operation of the system is rather straightforward with few
conplicated procedures. \Wile operating, it is inperative that a watchful eye
be kept on the refuse bins to prevent overfilling. This is especially true of
the coarse receptacle which is closed and under vacuum The system has many
saf equards including-high tenperature linits and alarnms which reduce the
possibility of aggregarious error. The production rate of the systemis 20
tons/ hour which necessitates alnmost constant use of the front end |oader during
production periods.

This brings us to the staffing of the facility. As previously discussed,
the two operators at Sparrows point are an operating engineer and a
transportation worker respectively. The operating engineer was selected to
facilitate the preventive maintenance programin its early stages and provide
expertise-in machinery and its attendant repairs. This has been especially
useful during the “de-bugging” stages of operation. Utimtely, it is hoped the
second operator can gradually assune the engineer’s duties through experience
and training. This is desirable as a great percentage of the duties performed
are of a transportation nature. |f the second operator can assume those duties,
and a second transportation worker can assist, then the unit will become a nore
productive one with shared duties.
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The probl em of refuse disposal has not yet arisens because of the Sparrows
Point requirenents for coating selection. Toxic elenments such as |ead and
chromates are as a rule disallowed as ingredients in the paint formulations
currently in use at the Sparrows Point Shipyard. However, EPA toxicity tests
have been performed for confirmation of this hypothesis. These sane tests will
be performed periodically so as to remin fully aware of the chenica
conposition of the reprocessed material.

During an eight hour period, the operating process is segregated into three
major job functions. The primary job function is, of course, operations which
consi st of both the front end |oader operation and control nonitoring. This
function conprises approximately five hours of an eight hour period. The next
function of the facility operators is site cleaning which includes genera
cleanup and refuse renoval. G ven the percentage of yield for the product, an
operating continuum may be naintained for approximtely 2 hours at which tine
the refuse receptacles nust be enptied. This function conprises approxinately
two hours of an eight hour work period. The remaining function of the facility
operators is preventive maintenance which is further delineated into tinme period
functions. This function conprises approximately one. hour of an eight hour work
period. The remaining function is the transfer and transport of the reclained
material. This function is performed primarily outside the normal eight hour
work period. In order to avoid interference of the yard s abrasive blasting
process, this work is conpleted prior to the start of the shift or between
shifts . The associated premiumtime has not resulted in a significant cost per
ton ratio. Figures 12-13-14
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CONCLUDI NG REMARKS

The paramount test of any product is its utilization in its respective
production process. In this instance the ultimate trial of performance is
abrasive blasting. Wether the material |ooks good or feels good is immterial
the performance is the acid test. Is there excessive dust? Does the abrasive
produce an acceptable profile? Does the abrasive increase productivity? WII
the abrasive have linmted applicability? These are the questions which nust be
asked and answered in order to measure the viability of the product. It can be
stated with conplete confidence that the reclainmed naterial outperforms our
greatest expectations. The reclaimed abrasive yields a surface profile of
2.0-2.5 mls which is a nore efficient surface profile than is obtained from
contracted abrasive (3.0-3.5 nils). It produces this profile nore quickly;
estimated production increase of 15-20%  The applications have been vari ed,
ranging from abrasive blasting mll scale rust plates, preconstruction primed
plates to an underwater hull. coating system The reclainmed abrasive has
consistently outperformed the contracted abrasive in all applications. The
Apache reclainer systemis indeed an effective process producing a superior
abrasive. Figures 2-3

I's the Apache system an efficient systen This question can only be
answered in time. At this time, the yard is only now beginning to iron out all
the “bugs”. Even laboring under these difficulties, the reclainer systemis
still a profitable operation. Al indications point to a potentially enornous
savings. \Wen contracted abrasive approaches fifty dollars per ton it is
i nconcei vabl e that nobney cannot be saved if the process can maintain some
senbl ance of a continuum of operation. It is inperative that down-tine is kept
to a mnimum |f this can be achieved, the-potentially enormous savings wll be
realized. Figure 5

Since the reclainmng system has been in operation for a relatively short
period, the reported data does not provide an exceptional statistical neasure of
final results. It is not believed, however, the absence of the statistica

readings required shall significantly affect the data or the attendant
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conclusions. As can be readily seen the estimate for the actual opertion of the
facility has been reduced and the validity of this prelimnary estimate will be
borne out in time. Figures 4-5

The Apache Reclaimng Systemis a prototype facility for shipyards. As
such, there are intrinsic design and fabricated errors. These errors have
ranged frominaccurate foundation plans to undersized ductwork. These errors
have--through operation--been discovered and rectified. The difficulties faced
thus far have not been insurnountable, and the project has sustained a fairly
even keel

Material management for the facilty requires constant monitoring so as to
avoid the reclamation of processed naterial without benefit of nixing. Allow ng

this situation to occur would do two things: first, it would induce an
operating nix which would be too fine; second, it reduces the efficiency of the
process. ldeally, the reclaimer will satisfy 90-95% of the abrasive demands

with the remainder supplied by an outside contractor. This is an acceptable
situation, since it provides for unusually high demand periods and provides an
influx of fresh material.

During the one year experinental trial period, it is the intention of the
Sparrows Point Shipyard to further pursue relevant. testing to fully document the
ef fectiveness and efficiency of the abrasive reclaining systemin a marine
construction yard. The evaluation programis to include the follow ng pertinent
tests:

1) schedul ed sieve analyses performed on the reclained material and
refuse to ensure proper screening of materials

2) time and notion studies to corroborate alleged productivity gains
3) cost studies to obtain actual operating costs and revenues

4) periodic inspection of prepared substrate to affirmthe performance of
the abrasive as a blasting nedi um
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5) periodi c EPA approved toxicity tests to determ ne concentration of
appropriate toxins

As this is the prelimnary report for this program it will serve as a
foundation for future reporting. The final report shall include the results of
the proposed testing and furnish a documented statenment of the practicability of
the abrasive reclainmng systemin the nation's shipyards. A detailed report on
the program cost wll be submitted to M. J. Peart and the Maritime
Admi nistration prior to publication of the final report.
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FIGURE 1

The mineral abrasive presently in use at the Sparrows Point Shipyard is a
coal slag. This coal slag is a by-product of coal burning power plants, etc.
The specification for the purchase of mineral abrasives is as follows:

Si eve Anal ysis

Preferred Accept abl e”
Si eve W. % Size Dist. W. % Range
#8 100 <1
#12 95 93-97
#20 80 75-85
#30 55 50- 60
#40 30 25-35
#50 15 13-17
#70 10 8-12
#l 00 5
#140 0.-<1 0.-<%
Pan <0.5 * Trace
Trace =<0. 5%
Chem cal Anal ysis
Free Silica 5% Max.
Sul fur 0. 02% Max.
Chl ori des <10 PPM
Free Carbon None
PH 5- 6.5
Moi st ure <0.01%
Physi cal Properties
Bulk Density (Dry Rodded) - >85 |bs. /cu. ft.
Mobs Har dness >6
Breakdown Rate Max. 30% Passing #70 Sieve*
Particle Shape Particles nust be angul ar

(*) Blasting against steel plate, 45° to the vertical, at 12 inches using 100
PSI air pressure.



FI GURE 2

RECLAI MED ABRASI VE
SIEVE ANALYSI S

Mesh W. in grans % by wei ght
8 33 1.17
10 96 3. 42
20 1164 41. 44
30 423 15. 06
50 806 28. 69
70 153 5.45
70- 134 4.77

Density 90 Ibs./cu.ft.

Recovery Rate 1st 70% 2nd 30%
1+ [(1 x .7) + (.7x .30] = 1.91 Tines

Effecti ve Recovery Rate [(1-(1/1.91)] X 100 = 47.6%
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FI GQURE 3

| NTERMEDI ATE FI NES AND FI'NES SI EVE ANALYSI S

I ntermedi ate Fines

Mesh W. in grans % by Wi ght
35 1.9 1.8
50 5.2 4.9
70 15.9 15.0
80 16.7 15.9

100 14.0 13.3

140 28.1 26. 7

200 12.8 12.2

PAN 10.6 10.1

Fi nes
50 3.6 2.7
70 8.8 6.6
80 12.9 9.7

100 15.9 11.-9

140 23.0 17.3

200 22.7 17.1

PAN 46.0 34.6
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FI GURE 4

ORI G NAL ESTI MATE OF OPERATI ONAL COST

Power Cost (Fuel and Electric) $ 4.00/ton

Labor @ $18/ hour $ 3.90/ton

Mai nt enance @5% of Initial Cost $ 0.70/ton

Depreci ation $ 2.30/ton

Di sposal of Refuse $ 3.30/ton

I n-Yard Handlingf Reclained Abrasive $ 1.80/ton
TOTAL COST $16. 00/t on

NOTE : These estinmates are based upon an annual consunption of 12,000 tons of

mneral abrasive and a recoverable yield of 70%
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FI GURE 5
PRELI M NARY OPERATI ONS ESTI MATE

Power (Fuel and Electric) * $ 2.85/ton
Labor @ $18/ hour and $24/ hour $ 3.00/ton
Mai nt enance @ 10% of Initial Cost $ 1.40/ton
Depreci ation $ 2.30/ton
Di sposal of Refuse $ 3.30/ton
I n-Yard Handling of Reclaimed Abrasive $ 2.20/ton
TOTAL COST $ 15.05/ton
NOTE : 1) These estinmates are based upon an annual consunption of 12,000

tons of mneral abrasive and a recoverable yield of 70%

2) To date the disposal of refuse expenses have not been realized.

B-15



Scope:

FI GURE 6

JOB DESCRI PTI ON
ABRASIVE RECLAIMING FACILITY - SUPERVISOR -~ OPERATOR #1

The follow ng job description for the abrasive reclainmng facility
shall provide a conprehensive description of activities and
responsibilities for the efficient operation of the reclaimng
facility.

Job Description

1)

2)

Operator #lshall operate and monitor control panels in the operations
boot h

Operator #1 shall be responsible for conducting the preventive
mai nt enance program

Operator #1 shall be responsible for supervision of the assisting
operator and the facility area

Operator #1 shall be responsible for conpletion of operation forns.

Qperator #1 shall be responsible for notification of related
departnents with regard to time charges, material charges, etc

Qperator #1 shall be responsible for the coordination of deliveries
with the transportation and paint departnents.

Operator #1 shall assist the project |eader in scheduling down-tine
and determ ning operational status.
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Scope:

FI GURE 7

JOB DESCRI PTI ON
ABRASI VE RECLAIM NG FACILITY - OPERATOR #2 .

The following job description for the abrasive reclaimng facility shal

provi de a conprehensive description of activities and responsibilities for
the efficient operation of the reclaimng facility.

Job Description:

1)

2)

Operator #2 shall operate the front end | oader for the purpose of
charging the facility with spent abrasive

Operator #2 shall operate a forklift for the purpose of dispensing
non-recl ai mble materials.

Operator #2 shall be responsible for the general cleaning of the
facility site. Ceaning may be acconplished through use of the front
end | oader and broom

Operator #2 shall assist, when necessary, Operator #1 with the
preventive mai ntenance program designed for the reclaimng facility.

Qperator #2 shall operate the pneumatic transport trailer for the
transport and transfer of the reclaimed abrasive.
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FIGURE 11
DAI'LY PREVENTI VE MAI NTENANCE PROGRAM FOR GRI'T RECYCLI NG PLANT

Air Line
Bl ow moi sture out of line before starting plant.

Fuel O | and Propane Tanks

1) Check fuel levels and fill as required.
2)  Check valves on feed lines of oil tanks. Both valves should be open.

Feed Bin and Vi brator

1) Check vibrating screen for binding.
2] Check connection of legs to foundation for cracked welds

Feed Conveyor

1) Check feed belt for tension and alignnent on drive rolls. If necessary make
adj ust ment s

2) Listen for squealing sheave belts on drive assenbly and if necessary nake
adj ust ment s

3) Tweak all pillow block bearings with grease

4) Check all belt rollers for freeness

Fuel O1. Punp

1) I nspect seals for |eaks.

2 Check for low oil pressure to burner

3) Pressure shoul d be between 40 and 60 PSI (if pressure is |ow adj ust
pressure relief valve).

Bucket El evat or

1) Tweak all bearings with grease
2) Listen for squealing belts on drive assenbly |ocated at the top of the
el evator and if necessary nake adjustnents.

Baghouse

1) Check manoneter reading for pressure drop across baghouse. (Drop shoul dbe
no larger than 5 of water colum. If pressure drop is larger than 5%,
adjust pulse tine off to a lower setting to Increase frequency of bag
cleaning.) Call Mintenance Departnent if pressure drop cannot be reduced

2) Listen for squealing belts and if necessary make adjustnents.
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FI GURE 11 (Cont’ d)
WEEKLY PREVENTI VE MAI NTENANCE FOR GRI T RECYCLING PLANT

Feed Conveyor

1) Check tension belts on drive sheave assenbly and if necessary make
adj ust ment s.

Bucket El evat or

1) Open inspection plates (top and bottom) and check tension and alignment of
belt. (If belts are not centered on rollers call Mintenance Departnent).
Check wear plates |ocated on sides and bottom of elevator shaft.

2) Check tension of belts on drive sheave assenbly and if necessary make

adj ust ment s.

Baghouse

1) Check tension of belts on drive sheave assenbly and if necessary make
adj ust ment s.

Aspi r at or/ Separ at or

1) Qpen side doors and inspect sheaves for wear. (If worn, call Maintenance
Department.)
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FIGURE 11 (Cont’d)
MONTHLY PREVENTI VE MAI NTENANCE FOR GRI T RECYCLI NG PLAN

Tweak all notor bearings with grease (on vibrator, converyor dryer, oi
punp burner bl ower, bucket elevator, and baghouse notors).

Check oil level of all gear reducers (on dryer, etc.).

Check torque on all pillow block bearing set screws (on conveyor, bucket
el evator, etc.).

Visual ly inspect bags in baghouse for tears. Inspect baghouse for water
| eaks.
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¥c-4

ABRASIVE RECLAIMING ‘OPERATION FORM

ENTRY

OPERATOR

DATE

TIME

1 LOAOS

STACKT

| BIRNERT | SILO LEVEL

TIME

7 LOADS

STACK T

BURNER T

SILO LEVEL

AM.

AM.

AM.

AM.

AM.

PM.

P.M.

P.M.

PM.

PM.

~ o o | |w

10

11

12

13

14

15

16

17

18

19

20

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40
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ABRASIVE DELIVERY FORM

ENTRY

OPERATOR

DATE

TIME

TIME

LOCATION

LOCATION

LOCATION

LOCATION

SILO LEVEL

REQUEST

DELIVERY

i

2

3

4

BEFORE

AFTER

SILO LEVEL

WEIGHT

BEFORE

WEIGHT

AFTER

HULL
CHARGE

w oo |~ fen [o Jeo fro |

€1 TgNo1ig



10.

11.
12.
13.

FI GURE 14
ABRASI VE DELI VERY TI CKET

DATE
TI ME
[ NITI AL \AEI GHT LBS .
FI NAL VAEI GHT LBS.

DELI VERY LOCATI ONS

DRI VER' S SI GNATURE AND BADGE NO

| TEMS 1-6 TO BE COVPLETED BY DRI VER

DATE
TI ME
HULL CHARCE

RECEI VED BY (NAME AND BADGE NO.)

| TEMS 7-10 TO BE COMPLETED BY 75 DEPT. SUPERVI SOR

DATE
TI ME
CONFI RVATI ON SI GNATURE

| TEMS 11-13 TO BE COWPLETED BY FACILITY OPERATOR

TI CKET TO BE COVPLETED I N TRI PLI CATE:

ONE COPY TO BE RETAINED BY 75 DEPT.
ONE COPY TO BE RETAINED BY FACILITY OPERATOR
ONE COPY TO BE SENT TO ACCOUNTI NG
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| NTRODUCTI ON

The. purpose of this project was to erect a prototype abrasive plant in the
shipyard ‘and to evaluate its cost effectiveness and viability in the
shi pbui I ding industry.

The project is a part of the national shipbuilding research program which
is cost-shared between the U. S. Maritine Admnistration and the U S
Shi pbui I di ng | ndustry. The project was coordi nated by Bethl ehem Stee
Corporation, Mrine Construction Goup, Sparrows Point, Mryland under contract
to Avondal e Shipyards,Inc., New Oleans, LA 70150.

The abrasive recycling system selected for this purpose was one provided by
Apache. Apache provided the unit for a cost of $107,000. The system consi sted
of “on the shelf” conponents that required field nodifications and adjustnents
for use in the yard

DI SCUSSI ON

1. Pr obl em

The material to be recycled consists of a mneral coal slag blast abrasive
known as Bl ack Beauty which has been used at |east once in a blasting operation,
| oaded into a pan with scrap material and deposited in a storage |ocation known

as “the north field”. The north field currently contains a |arge anount of this
recyclable nmaterial. Prior to recycling, the only use for the material was to
continue the landfill programat the north field.

2. Sol uti on

The concept of recycling material is an old one, but with the opportunity

to erect a prototype facility whose cost woul d be shared by the MarAd program
came a possible solution to the growing stockpile of spent mneral abrasive in
the north field.



The original decision to bid on the MarAd project was based on the

fol | owi ng assunptions:

a)

A $50/ton purchase cost for new blasting grit.
The cost to recycle material would be $16 to $17/ton.

The reclainmng facility could produce its rated capacity of 20
tons/hour with a yield of 12-14 tons/hour of good recycled product.

The spent material in the north field could be recycled as it exists.

The recycled material could be an effective abrasive blasting medi um
that has an acceptabl e breakdown rate, operating mx (see Figures 1, 2
& 3) and produce a surface profile of 2.0-2.5 roils (50-63 um.

Al though the reclained naterial is known to be a finer mx than the
m neral abrasive now purchased, it was estimted that an acceptable
surface profile could be achieved while utilizing a finer material.

The State of Maryland has rather stringent environnental regulations
concerning the em ssion of particulate into the air. Since the
reclaiming system proposed enjoys acceptance in the State of
California, no serious obstacles were expected to ari se. The
reclaimng systemis essentially a closed systemw th few enission
areas which could, through nodification, essentially be contained.
The spent abrasive, if exceeding allowable concentrations of toxic
el enents, could pose a serious problem if considered a hazardous
waste. Fortunately, the Sparrows Point Shipyard has, as a matter of
course, elimnated the use of substances such as |lead and chromates in
the production coatings. An EPA toxicity test would have to be
performed on both spent and reclaimed abrasive for verification.

The annual consunption of material abrasive at the Sparrows Point
Shipyard woul d renmain at 12,000 tons.



ABQUT THE PROCESS

The reclaimng facility consists of a vibrating scal ping screen, belt
conveyor, drying drum bucket elevator, 6000 cfm dust collector, aspirator
separator, inertial separator, 100-ton silo, and several snmall storage bins

The process starts with a 3/4 yard front end | oader that scoops up a |oad
of materials drives up a ranp and dunps the material onto the vibrating screen.
The vibrating screen allows material smaller than 1“ square to fall into a feed
hopper while the larger particles such as trash are shaken off the screen into a
chute leading to a waste bin. The material fromthe feed hopper is transported
by a belt conveyor to a dryer drumwhich is heated by an oil burner

Wiile it is being rotated and screened through and out the end of the dryer
drum the material is heated to about 350°F. At the end of the drum the
material isagain separated into particles whose cross section is either nore or
less than 3/16” square. The particles larger than 3/16” square are deposited
into another scrap bin. Particles smaller than 3/16” square, other than the
dust which is drawn up by the dust collector, are lifted by a bucket elevator
and dunped into an aspirator and inertial separator. Here, nore dust and
unwant ed internediate fines (80-140 nesh) are pulled out and the final (see

Figures 1 & 2) ?esigned particle distribution is dropped into a 100-ton silo for

storage

a 20-ton transport truck was purchased and is used to haul the recycled
blast material fromthe 100-ton silo to the yard blasting tanks for [ oading.
Once the transport truck hose is connected to a blasting tank fill pipe, the
truck’s tank is pressurized to' approximately 10 psi and the material is blown
into the blasting tank.



| NSTALLATI ON

Pr obl ens

L The installation of the facility was rather straightforward although a
consi derabl e anount of additional work was necessary due to fabrication and
design errors [(See Figure 5).

2. The facility sits on a landfill site so that the foundation had to be
desi gned larger than planned to allow for |ower soil pressures

3. The yard's front end | oader could not reach the feed hopper for
| oading so a ranp had to be constructed. The ramp was |ess costly than
purchasing a new front end |oader and provided better operator visibility and
mai nt enance accessibility.

4, The 6000 cfm dust collector required dry conpressed air above 100 psi.
The yard's air conpressor station is approximately 1.2 niles away from the dust
col I ector. consequently, the air picks up an unacceptabl e amount of nmoisture
and the air pressure is only about 90 psi by the tine it reaches the dust
col lector (sonetimes referred to as the baghouse). A new conpressor had to be
purchased and install ed.

Locat i on

The reclainming facility is located beside the abrasive stockpile for
production purposes. The location is ideal for this type of operation; far from
the bustling operations normally found in the shipyard. Mich thought was given
to site selection. Since the process can interfere wth production areas,
careful consideration was given to the elinination of airborne dust in these
ar eas



THE FACILITY AS I T EXI STS TCDAY

Staffing

The facility requires two operators to efficiently produce abrasive
During operating periods one man nmonitors the control booth and keeps awatchfu
eye over the facility for a malfunction while the second operator devotes
himself to the operation of the front end | oader and the other mobile equipment.
Qperator #1 is a supervisor (operating engineer by trade) who nonitors the
control booth, perfornms all record keeping, and initiates the preventive
mai ntenance program  Operator #2 is fromthe transportation department and is
responsible for operating the nobile equi prent and making deliveries. See

Figures 6 & 7 |for job descriptions.

Operation

The facility was placed in service in Septenber of 1983. Due to
fluctuations in our workforce, the position of Operator #1 has been held by 4
different individuals. The yard’s demand for blast material has not been
consistent and at times the opertors were left with nothing to do except
cleaning. In 1984 the yard required only 2,953 tons and 643 so far in 1985
Qur projected need for 1986 is around 3000 tons. Because the demand for the
blast material is at the beginning of the yard' s daylight shift, all blasting
tanks could only be filled on off shifts, requiring overtime payments to
operators. Until July 1985, the dust collector was operated on yard air which
contributed a |ower production rate and higher maintenance cost. A new
conpressor supplying adequate pressure and dry air was installed in July of
1985.

Ef ficiency

Since the inception of the facility, great pains have been taken to work
the abrasive reclaimng process into the yard processes. This has been a
multi-step progressive system gradually mainstreanming the unit into the yard's
abrasive blasting locations. The applications have varied fromremoving ml|



scale and rust from plates to conmercial blasting an existing underwater hull
coating system Except for a few conplaints of excessive dust during interior
bl asting of tanks, the abrasive has perfornmed admrably.

The Apache system nodel A-2000 was designed to yield 12-14 tons/hour.
Currently we have averaged only 8 tons/hour or 2/3 of the design capacity. Mny
of the above problens have contributed to the low production rate. The weather
has a significant effect on the production rate also. During the sumer nonths
we averaged 10+ tons/hour and during the winter we averaged only about 7
t ons/ hour .

Envi r onnent al

Two EPA toxicity tests were performed on the reclained and spent abrasive
(see Figure 8), the fine dust and internediate fines. All levels were found to

e acceptable and wel| below the allowed concentrateions.

ECONOM C _ANALYSI S

Installation Costs

Funding for this project was provided by the U S Maritine Adnministration
through Avondale Shipyards, Inc. in the amount of $167,800. Costs incurred at
Sparrows Point Shipyard to install the facility were $220,568. An overrun of
$52, 768 or 31.4% was experienced on the project. [Figure 9conpares the contract
anount to the actual costs.

ne of the nost significant overruns was the cost of |abor required to
install the reclaimng system As identified in[Figure 5, | considerable

additional work was necessary due to fabrication and design errors.
Approximately $8,000 of the |abor and material was attributable to the
modi fications which had to be made to the Apache Reclaining system  The |abor
overruns were partially offset by a negotiated settlenent with Apache reducing
the purchase price of the system by $6,000. Additional |abor overruns were
caused by design changes to the foundation, construction of a ranp to enable
| oadi ng, and underestimated actual installation costs in the-original proposal.
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Operating Costs

The original estimate of annual operating costs for the recycling facility
and rel ated operations was $192,000 or $16.00 per ton. This was based on an
annual consunption of 12,000 tons per year and a recoverable yield of 70%

presents the original estimte.

A revised estimate for the sane operating volune is also presented i’'n
Figure 10 |Revisions were nade based on two years of operating experience and

the specific operating characteristics for the facility and yard. The revised
estimate projects operating costs of $358,080 or $29.84 per ton based on a
vol ume of 12,000 tons

The cost data actually accunul ated by the yard to neasure the perfornance
of the recycler was significantly inpacted by the actual volune of abrasive
recycl ed. From Sept enber 1983 to August 1985, only 4,943 tons of recycled
product were consuned. Though the low volune was partially caused by down-time
during the early period of operation, it was primarily due to |ow demand for
abrasive. The actual cost per ton experienced by the yard during this two-year
period was $60.87.

A nore detailed analysis of operating cost elements as conpared on Figure

is noted bel ow

A Power - Esti mated power costs were revised downward by 45% The
actual costs per ton for diesel fuel and electricity were $2.05,
and $.37 respectively. This cost elenent is primarily variable
with volume and therefore a significant rate difference does not
exist in the revised estimate at 12,000 tons.

B. Qperating Labor - A significant cost increase occurred in operating
| abor, During the two year period 4,638 hours were “charged to
the recycling operation costing $78, 884. Down-tinme and | ow

demand by the yard were the primary causes for the high rate per
ton. The revised estimate projects a $5.67 rate per ton as:



4000 hrs (2nen/day) x $17 = 5.67/ton
12,000 tons

C. Mai nt enance - During the two years of operation, |abor and naterials
costs for maintenance were $34,381 and $21, 771 respectively.
Most of the costs were start-up and operating problems which
were not necessarily volume related. The revised estimte
based on ongoing operations is $1.35 rate per ton or $16, 200
per year.

D. Depreciation - The total cost to purchase and install the facility,
including the transport truck was $220,568. Based on an
estimated economc useful life of 10 years, the fixed annua
amount of depreciation is $22,057. At volune levels of 12,000
(estimated) and 2,471 (actual) the rates per ton are $1.83 and
$8.93 respectively.

E. Di sposal of Refuse - Unrecycled blast material is stockpiled in the
north field area of the yard, therefore, ‘incurriqg no
di sposal costs to the yard. The approxi mate 30% waste from
the recycling process nust be disposed outside the yard.
The rate per ton of disposed waste blast nmaterial is $42.00
per ton or $18.00 per ton of usable blast material ($42 x

30/70) . This cost is totally volune related and is,
therefore, the sane rate for actual and projected costs per
ton.,

F. In-Yard Handling of Abrasive - Actual |abor and material costs

incurred for handling the abrasive materials were $12, 445
and $8,329 respectively for the two-year period. W believe
that these costs were high due to the |ow vol une,
fluctuations in facility operators and probl ems associated
with start-up. The revised estimate at a 12,000 tons/year
is $0.78 per ton or $9, 360.



CONCLUSI ON

The cost to purchase the blast naterial is $53.20/ton. Since we cannot
continue the land filling program we will have to dispose of each ton of
purchased material at a cost of $42.00 per ton or a total cost of $53.20 +
$42.00 per ton or $95.20/ton. The cost to recycle existing material based on
current |ow volume requirements (less than 2500/tons/year) is $60.87/ton or a
savings of $34.33/ton.

The projected 1986 yard demand for blast material is 3000 tons. |If the
material is obtained fromthe recycling plant, about $103,000 will be saved.



FI GURE 1

The nmineral abrasive presently in use at the Sparrows Point Shipyard is a
coal slag. This coal slag is a by-product of coal burning power plants, etc.
The specification for the purchase of mneral abrasives is as follows:

Si eve Anal ysi s

Preferred Accept abl e
Si eve W. % Size Dist. W. % Range
#8 100 <1
#12 95 93-97
#20 80 75- 85
#30 55 50- 60
#40 30 25-35 °
#50 15 13-17
#70 10 8-12
# 00
#140 0.-:1 0.- <1
Pan <0.5 Trace
Trace =<0.5%
Chemi cal Anal ysis
Free Silica 5% Max.
Sul fur 0.02% Max.
Chlori des <10 PPM
Free Carbon None
PH 5- 6.5
Moi st ure <0.01%
Physi cal Properties
Bul k Density (Dry Rodded) >85 Ibs./cu.ft.
Mobs Har dness >6
Breakdown Rate Max. 30% Passing #70 Sieve*
Particle Shape Particles nust be angular

(*) Blasting against steel plate, 45° to the vertical, at 12 inches using 100
PSI air pressure.
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FI GURE 2

RECLAI MED ABRASI VE
SIEVE ANALYSI S

Mesh W. in grans % by wei ght
8 33 1.17
10 96 3.42
20 1164 41. 44
30 423 15. 06
50 806 28. 69
70 153 5.45
70- 134 4.77

Density 90 Ibs. /cu. ft.

Recovery Rate 1st 70% 2nd 30%

1+ [(1X.7) + (.7 .30] = 1.91 Tines

Ef fective Recovery Rate [(1-(1/1.91)] X 100 = 47.6%
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FI GURE 3

| NTERMVEDI ATE FINES AND FINES SI EVE ANALYSI S

I ntermedi ate Fines

Mes h W. in grans % by Wi ght
35 1.9 1.8
50 5.2 4.9
70 15.9 15.0
80 16.7 15.9

100 14.0 13.3

140 28.1 26.7

200 12.8 12.2

PAN 10.6 10.1

Fi nes
50 3.6 2.7
70 8.8 6.6
80 12.9 9.7

100 15.9 11.9
140 23.0 11.3

200 22.7 17.1

PAN 46.0 34.6
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FI GURE “4
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FI GURE 5

BETHLEHEMSTE EL Interoffice Correspondence
Sparrows Point Shi pyard Marine Construction Goup .

August 10, 1983
From G A Ritterman

To: Record
Subj ect:  MODI FI CATION TO APACHE RECLAI M SYSTEM

SILO

(1) Foundation anchor pattern on drawi ng 83-110 did not match that of the
silo that was shipped to Bethlehem Base plates of silo had to be
modi fied while a rented crane waited.

BAGHOUSE

(1) Foundation anchor pattern on drawing 83-110 did not match that of the
baghouse.  The base plates of the baghouse had to be nodified and a
cone-a-long used to set the baghouse in position because the
baghouse’s | egs were out of square.

(2) An exhaust limt was |ocated in wong place and had to be relocated.

(3) New danper for large 10" duct had to be installed and wel ded. Od
danmper was removed by burning.

(4) New duct did not fit and had to be renoved and new di mensions taken
and forwarded to Esstee.

(5) A second new duct was reinstalled.

ASPI RATOR

(1) Doors were installed backwards and welded in place. Doors were
renoved and new doors fabricat ed. Weat her stripping was also
installed. Support for aspirator was installed.

(2) A 3/8 x 2 x 8 rig was installed in the intermediate fine aspirator
chute.

(3) A sheetnetal cover will have to be installed to keep water out of
aspirator slots.

(4) The duct carrying internediate fines and |ocated at the bottom bf the

large silo interfered with the |adder attached to the bucket
el evator. Duct was redesigned, fabricated, and installed.
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FI GURE 6

JOB DESCRI PTI ON
ABRASI VE RECLAIM NG FACILITY - SUPERVI SOR - OPERATOR #1

Scope:
The following job description for the abrasive reclainming facility
shall provide a conprehensive description of activities and
responsibilities for the efficient operation of the reclaimng
facility.

Job Description:

1) Operator #1 shall operate and monitor control panels in the operations
boot h

2) Operator #1 shall be responsible for conducting the preventive
mai nt enance program

3) Operator #1 shall be responsible for supervision of the assisting
operator and the facility area

4) Operator #1 shall be responsible for conpletion of operation forms.

5) Qperator #1 shall be responsible for notification of rel ated
departments with regard to tine charges, material charges, etc

(=2]

) Qperator #1 shall be responsible for the coordination of deliveries
with the transportation and paint departments.

—~

) Qperator #1 shall assist the project |eader in scheduling down-tine
and determ ning operational status.
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Scope:

FIGRE 7

JOB DESCRI PTI ON
ABRASI VE RECLAIM NG FACILITY - OPERATOR #2

The follow ng job description for the abrasive reclaimng facility shall
provi de a conprehensive description of activities and responsibilities for
the efficient operation of the reclaimng facility.

Job Description:

1)

2)

Operator #2 shall operate the front end | oader for the purpose of
charging the facility with spent abrasive.

Operator #2 shall operate a forklift for the purpose of dispensing
non-recl ai mable materials

Qperator #2 shall be responsible for the general cleaning of the
facility site. Ceaning may be acconplished through use of the front
end | oader and broom

Operator #2 shall assist, when necessary, Operator #1 with the
preventive maintenance program designed for the reclaimng facility.

Qperator #2 shall operate the pneumatic transport trailer for the
transport and transfer of the reclaimed abrasive.

C 18



FIGURE 8

' i FLHNNIMAN & BROWHNE, INC, -
1087 to2s CHEMISTS-ENGI!. e pECTCLRS Casv ¢ AboOmevs
PNt el evase 8282 FALLS RU T ..h“".'
PHILIP M AlDT BALTIMORE. MARYLAND 231209 Te.zrHong
w w& Y:ounon . 823.4331
. BERETTA

Anrgas Toot 304

ConALD W, Surrm FD
D)

ANALYTICAL DIVISION

REPORT OF ANALYSIS

P.0. 1560-103-9821-D October 14, 1983
No. 832029
GRLT
Sample of Two Samples
From Bethlehem Steel Corp. - Sparrows Point
Marked Sub-Order No. X-11 - For EPA Toxicity Testing

L 3
N Soeqr Aorasive . TRedAaimen Aseacwe ¢

Sample A, mg/1 - Sample B, mg/1 Max., mgll

Arsenic *0.004 - *0.004 5.0

Barium *0.13 ° *0.13 100.0
Cadmium -.  *0. 008 *0.008 1.0
Chromium *0. 01 *0.01 5.0
Lead *0 04 *0.04 5.0
 tacaumnS evcimeesMerEury 0.0014 0.0005 0.2

SPARROWS POINT .
swipvano  Selpbnium *0.006 *0. 006 1.0
' *0. 02

0[:'[ 17 83 Silyer .*0.02 5.0

AR — *1eps than

PRI on

Philip MY Aidt
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Apache Reclaimng System
Install ation:

Labor

Mat eri al

Frei ght
Gizzly and Vibrator
Inertial Separator
100 T Silo
Transport Truck

Conpr essor

FI GURE 9
| NSTALLATI ON COSTS

Contract
Anount

$80, 000

12,600
29, 200
2,500
2,500
4,600
20, 000
14,000

2,400

$167, 800

G20

Act ual

$73, 975

60, 048
34, 605
7,826
2,523
4,625

19, 856

$220, 568



FI GURE 10
ANNUAL OPERATI NG COSTS

Ori gi nal Revi sed Act ua
Estimate Estimate cost
Vol ume (Tons of recycled Git) 12,000 12,000 2,471
cost per Ton
Power (Fuel and Electric) $ 4.00 $ 2.21 $2.42
Oper ating Labor 3.90 5.67 15.96
Mai nt enance .70 1.35 11.36
Depreci ation 2.30 1.83 8.93
Di sposal of Refuse 3.30 18.00 18.00
In-Yard Handling of Abrasive 1.80 .78 4.20
Average Cost per Ton $16.00 $29.84 $60.87
NOTE : The original estimate was prior to installation based on a 70% yi el d.

The revised estimate is based on actual operating experience projected
to a level of 12,000 tons annually. Actual cost represents the actua
vol ume and cost per ton experience during the two-year period of
operation

Cc-21
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